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Impaired Mirror-Image Imitation in Asperger
and High-Functioning Autistic Subjects
tions and were well motivated and capable of performing
the tasks.
Normally people prefer imitation as in a mirror (Figure
Sari Avikainen,1,* Andreas Wohlschla¨ger,2
Sasu Liuhanen,1 Ritva Ha¨nninen,3
and Riitta Hari1
2). Accordingly, the control subjects made significantly1Brain Research Unit
fewer errors in the mirror-image than in the crossedLow Temperature Laboratory
condition (p  0.001 for the total number of errors, tHelsinki University of Technology
test). However, the autistic subjects did not improveFIN-02015 HUT, Espoo
their performance in the mirror-image condition andFinland
made significantly more errors than the control subjects2 Max-Planck-Institute for Psychological Research
(p  0.005, t test). The difference between the groupsAmalienstrasse 33
was significant for the grip (32%  5.7% errors in autis-D-80799 Munich
tics versus 10%  5.3% error in controls; p  0.01,Germany
Mann-Whitney U test) and for the hand (18%  5.9%3 Department of Neurology
errors in autistics versus 4%  3.3% in controls; p Central Hospital of Central Finland
0.01). The linear trend analysis of variance (group Keskussairaalantie 19
condition interaction) approached statistical signifi-FIN-40620 Jyva¨skyla¨
cance (ANOVA, p  0.07).Finland
These results demonstrate that adult Asperger and
high-functioning autistic subjects are deficient in online
imitation of goal-directed hand movements when the
Summary imitation occurs in a mirror-image fashion, a situation
that healthy subjects find the most natural one. In con-
Imitation is crucial for proper development of social trast to the control group, the autistic subjects did not
and communicative skills. Here, we argue that, based benefit from viewing other persons’ mirror-image move-
on an error analysis of a behavioral imitation task, ments but performed similarly in both crossed and mir-
adult Asperger and high-functioning autistic subjects ror conditions.
suffer from an intriguing deficit of imitation: they lack Spontaneous imitation of the habits and skills of our
the natural preference for imitation in a mirror-image peers starts in early childhood. Young children copy
fashion. The imitation task consisted of a simple move- naturally as in a mirror [5] and only later learn to trans-
ment sequence of putting a pen with the left or right pose the relationship between the observed person and
hand into a green or a blue cup using one of two themselves. In autistic subjects, the lack of spontaneous
possible grips. The subjects were asked to imitate seeking of social reciprocity and relations with others
the experimenter’s hand movements either using the might have impaired the normal development of their
crossed hand (e.g., the subject’s right hand corre- imitative skills.
sponding to the experimenter’s right hand) for imita- During imitation, the actor translates a complex dy-
tion or to imitate as if looking in a mirror (e.g., the namic visual input pattern into motor commands so that
subject’s left hand corresponding to the experiment- the self-performed movement sequence visually resem-
er’s right hand). When people normally view other per- bles the model movement. The overlapping neural repre-
sentations of one’s own and other persons’ movementssons face-to-face, they prefer to imitate as in a mirror
have been suggested to involve a mirror-neuron system[1, 2], and observation of mirror-image-like move-
(MNS) that matches the observed and self-performedments speeds up performance in nonimitative tasks [3,
actions [6]. The MNS could have an important role in4]. However, our autistic subjects, defective in social
action understanding, imitation, and in automatic read-cognition, did not profit from mirror-image movements
ing of the intentions and mental states of others [7–10].of others. These results provide a new insight into the
Because action understanding is a prerequisite of suc-difficulties that autistic subjects face in viewing and
cessful imitation [11], the imitation deficits in ourunderstanding actions of others.
Asperger and high-functioning autistic subjects could
be based on a dysfunctional MNS.
Results and Discussion The end point of the movement sequence is at the
top of the hierarchy of goals guiding imitation [12], and
Figure 1 shows the mean rates of error for cup, hand, it is thus not surprising that the autistic subjects were
and grip in crossed and mirror-image conditions. In both able to assess the cup in a normal manner. Imitation
autistic and control subjects, the end point (cup) was of behavioral goals develops earlier in evolution and
imitated most correctly (mean  SEM errors 5%  ontogenesis than imitation of other aspects of the move-
2.4%), whereas the largest number of errors (29%  ment, and therefore it would most likely be the last step
3.6%) occurred with the hand grip (ANOVA F(2,28)  to be affected by a dysfunctional MNS.
22.1, p  0.001). In the crossed condition, the perfor-
Experimental Proceduresmances of the two groups did not differ, indicating that
the autistic subjects had understood the given instruc-
Subjects
We studied, after informed consent, 16 normal adults and 8 adults
suffering from autistic disorders. Six subjects of the autistic group*Correspondence: avi@neuro.hut.fi
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Procedure
The subjects sat face-to-face with the experimenter, and a pen, a
blue cup, and a green cup were placed on the table in front of each
of them. After a short instruction and rehearsal period, the subjects
had to imitate online, as simultaneously as possible, the experiment-
er’s hand movements that consisted of putting a pen with the left
or right hand into a green or a blue cup using one of two possible
grips (Figure 2). The subjects were asked to pay attention to three
aspects: the hand (left/right), the grip (two possibilities) used, and
the end point (green/blue cup) of the action. In the crossed condition,
the subjects were instructed to use the crossed hand for imitation
(anatomical correspondence). In the mirror-image condition, the
subjects were instructed to imitate as if looking in a mirror (spatial
correspondence). Both conditions comprised 80 movement se-
quences performed in a random order and balanced across left and
right hand movements, the two cups, and the two grips.
The imitation session was videotaped and afterwards two inde-Figure 1. The Mean Error Rates for Both Subject Groups in Percent-
pendent observers rated each trial. The advantage of this pen-and-age of All Sequences in the Crossed and Mirror-Image Conditions,
cup paradigm [11] is that all of the three aspects of interest (hand,Given Separately for Cup, Hand, and Grip Errors
grip, cup) can be defined in a clear and observer-independent way.
The asterisks indicate statistical significance at p  0.01. Thus, there was no doubt which hand was used, which cup was
the final target, and which grip the subject applied (thumb position
relative to the cap of the pen). Sometimes the subjects had an initial
met the ICD-10 criteria for Asperger syndrome and two for high- tendency to use a different hand or a different grip, or to aim at a
functioning autism (altogether two females, six males; mean SEM different cup. However, we only counted final errors on which the
age 29  3.6 years, range 19–46 years). Subjects of both groups observers agreed at 100%.
were, according to the diagnostic criteria, of normal intelligence,
but differed in early language development, which was delayed in Acknowledgments
the high-functioning autistics. Healthy adults (eight females and
eight males; age 29  1.5 years, range 18–37 years) served as This study was supported by the Academy of Finland, the Human
Frontiers Science Program (Grant RG 39-98), and Sigrid Juse´liuscontrols.
Figure 2. Example of the Mirror-Image Imi-
tation
The subject is sitting opposite to the experi-
menter and they both have a blue cup, a green
cup, and a pen on the table in front of them.
The subject imitates the experimenter’s
movements as simultaneously as possible.
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